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Introduction

Summary

The widely expressed tumour antigens hTERT and CYP1B1 are commonly
expressed in multiple myeloma (MM) cells. Several trials targeting these anti-
gens by immunotherapy have been initiated. The aim of this study was to
explore whether patients with MM have an endogenous pre-existing immune
response against recently identified epitopes from hTERT and CYPIBI.
Peripheral blood T cells from 27 HLA-A*0201* multiple myeloma patients at
different stages of disease and 20 healthy HLA-A*0201" donors were enriched
and studied for the presence of hTERT- and CYP1B1-specific cytotoxic T cells
using MHC tetramer detection and short-term ex vivo expansion. No signif-
icant expansion of tetramer-positive cells was detected in the peripheral blood
of either MM patients or healthy controls when cells were stained with tet-
ramers containing the dominant hTERT-derived epitope or two peptides
derived from CYP1BI. A single ex vivo peptide stimulation led to the detec-
tion of a small population (0-3-0-5%) of hTERT-specific cells in two of 27
patients with MM. None of the patients or controls showed significant expan-
sion of CYP1B1-specific cells after a single peptide stimulation. Thus, endog-
enous in vivo priming of T cells against hTERT and CYPIBI1 is a rare
event in MM patients. These results suggest that strategies targeting hTERT
and CYP1B1 may have to utilize techniques to induce T cell responses from a
naive precursor frequency.
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absence of T cells reactive against the most prominent
epitope (I540) derived from hTERT [10]. In contrast,

Active cancer immunotherapy depends on the identifica-
tion of tumour antigens that can induce a clinically effi-
cient anti-tumour immune response [1]. Most tumour
antigens have been discovered by analysing cancer patients’
anti-tumour immune responses [2,3]. Recently, more and
more tumour antigens with broad tumour-associated
expression and potentially wide clinical applicability have
been identified by comparative expression studies and
epitope deduction [4]. This approach led to the discovery
of tumour antigens such as hTERT [5], survivin [6],
CYP1B1 [7] or cyclin Bl [8]. While survivin-specific T
cells have been detected in peripheral blood of patients
with melanoma, breast cancer or chronic lymphocytic leu-
kaemia [9], a small study in a heterogeneous group of
patients with prostate, lung or bladder cancer suggested the

vaccination against hTERT-derived epitopes has clearly
demonstrated the induction of antigen-specific T cells
suggesting that such T cells are not deleted from the T cell
repertoire [11,12].

We recently identified the carcinogen activating cyto-
chrome P450 1B1 (CYP1BI) as a tumour antigen recognized
by cytotoxic T cells [7,13]. CYP1B1 is expressed in the vast
majority of human tumours with only limited expression
in normal tissue [7,14]. In an initial screen of five cancer
patients of different histology and five healthy volunteers no
significant spontaneous interferon (IFN)-y response by T
cells was detected against two HLA-A*0201-restricted
epitopes, although fully functional CYP1B1-specific T cells
could be expanded from healthy individuals and cancer
patients by prolonged ex vivo stimulation [7].
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To better understand whether the deduced epitopes from
CYPIB1 and hTERT are targets of natural occurring tumour
immunity in multiple myeloma (MM) we studied the fre-
quencies of T cells against the three HLA-A*0201 restricted
epitopes derived from CYP1BI, respectively, hTERT in
27 MM patients. MM was chosen as a model cancer because
of (1) significant and homogeneous overexpression of
hTERT and CYP1B1 in MM cells, (2) the lack of T cell
response to a series of known tumour antigens despite dem-
onstration of strong anti-tumour CTL response in MM
patients [15,16] and (3) an intense tumour-T cell interac-
tion at the site of disease in the bone marrow [16].

Materials and methods

Donor and patient samples

Peripheral blood from healthy volunteers and multiple
myeloma patients was obtained by phlebotomy following
informed consent and approval by our institute’s Review
Board. Peripheral blood mononuclear cells (PBMC) were
purified by Ficoll-density centrifugation. CD8" T cells were
isolated using RosetteSep” (StemCell Technologies, Vancou-
ver, Canada) according to the manufacturer’s recommenda-
tions. Tetramer analysis and short-term cultures were
performed from fresh material. PBMC cryopreserved in
liquid nitrogen were used for enzyme-linked immunospot
(ELISPOT) analysis.

In vitro antigenic stimulation

In vitro stimulation of CD8" T cells with peptides was per-
formed as described [17]. In brief, purified CD8" T cells were
incubated with autologous irradiated (32Gy) PBMC in the
presence of peptide (1 pug/ml; New England Peptide, Fitch-
burg, MA, USA) and B2-microglobulin (2 pg/ml; Sigma, St
Louis, MO, USA) in RPMI-1640 media supplemented with
10% human AB serum, 2 mM glutamine, 15 pg/ml gentam-
icin and 20 mM HEPES. Peptides used were from human
telomerase reverse transcriptase (h'TERT 1540, ILAKFLHWL
[5]), human cytochrome P450 1B1 (CYP1BI CYP239,
SLVDVMPWL [7]; and CYP246, WLQYFPNPV [13]), and
Epstein—Barr virus (EBV BMLF-1 280-288, GLCTLVAML
[18]). Interleukin (IL)-7 (10 ng/ml; Endogen, Woburn, MA,
USA) was added on day +1 after initiation of the culture,
and IL-2 (20 IU/ml; Chiron Corp, Emeryville, CA, USA) was
supplemented on days +1, +4, and +7. Tetramer analysis of
the cultured cells was performed on day +10.

Tetramer analysis

Tetrameric A2/peptide complexes with peptides from HTLV
TAX (negative control), hTERT 1540, CYP239, CYP246
and EBV were synthesized essentially as described [19],
and multimerized with streptavidin—phycoerythin (SA-PE;

T cell responses against hTERT and CYP1B1 in MM patients

Molecular Probes, Eugene, OR, USA). Staining of cells with
tetramers and flow cytometry was performed as previously
described [17]. At least 5000 CD8* T cells were acquired and
analysed.

IFN-y ELISPOT analysis

Cryopreserved PBMC at 1 X 10° cells/well were used for IFN-
v ELISPOT analysis. The experimental procedure and data
analysis was carried out as described previously [10].

Results

Rare expansion of hTERT-specific T cells in MM patients
after a single antigenic stimulation

To assess immunity against the dominant 1540 epitope of
hTERT we studied T cell frequencies against this epitope in a
cohort of 27 HLA-A*0201" patients with MM at different
stages of disease and treatment history (Table 1). 20 HLA-
A*0201" healthy volunteers served as controls. To establish
sensitivity and specificity of our assay we assessed 22 HLA-
A*0201" MM patients. A positive test was defined as the aver-
age percentage of tetramer® T cells of the 22 HLA-A*0201-
MM patients plus three standard deviations (SD) [20]. Using
these criteria, we detected no 1540-tetramer™ CD8" T cells
directly ex vivo in peripheral blood in any of the 27 HLA-
A*0201" MM patients and 20 HLA-A*0201" healthy volun-
teers (Fig. 1a). Following a previously established technique
to increase sensitivity of the tetramer-based assay [21] we
subjected purified CD8" T cells to a single stimulus of 1540
peptide in the presence of autologous irradiated PBMC and
cytokines for 10 days. A population of 1540-tetramer™ cells
was apparent on day 10 in only two untreated MM patients
with stage I (patient A) resp. III (patient B) disease (Fig. 1b)
and none of the healthy volunteers. In contrast, no increase

Table 1. Patient characteristics

Total number of patients 27
Age (years)
Median (range) 58 (27-83)
Gender
Female 9
Male 18
Stage
Smouldering 2
1
11 2
111 14
Time from diagnosis (months)
Median (range) 12 (2-24)
Time from last treatment
< 4 weeks 6
> 4 weeks 12
Untreated 9
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Fig. 1. Detection of hTERT 1540-specific T cells by YY) oo i i ° o 0% o
tetramer in multiple myeloma (MM) patients and oFr oeloocece m— e o oo
healthy volunteers. (a) CD8" T cells from HLA-
A”f)ZOl+ MM patients and healthy volunteers were Day 0 Day 10 Day 0 Day 10
stained with I540-tetramer and CD8 and analysed by
flow cytometry. Annexin V was added to exclude A2+ MM A2+ HD
dead cells. Tetramer analysis was repeated after
10 days of stimulation with 1540 peptide, autologous (b) ©
irradiated peripheral blood mononuclear cells
(PBMC) and cytokines. A tetramer containing the Day 0 Day 10 Patient A
HTLV Tax 11-19 peptide was used as a negative con- .
trol (not shown). Dots represent the percentage of s }2%
1540-tetramer” cells per total CD8" T cells of individ- : 140 '
ual patients. The line depicts the median value. (b) S 30
1540-tetramer evaluation before and after culture 9 %8
exemplified for the two patients with a significant - 2 0 ed 1540 EBY
expansion of cells after a single peptide stimulation. =
Patient A had stage I disease, patient B suffered from § Patient B

stage III myeloma. Both patients were diagnosed
with myeloma 12 months before analysis. Percent-
ages represent 1540-tetramer” cells per total CD8"
cells. (c) Interferon (IFN)-y enzyme-linked immun-
ospot (ELISPOT) analysis of PBMC directly isolated
ex vivo. Numbers reflect spot forming cells (SFC) per
10° CD8" cells. Medium only (med) was used to
determine background secretion, the EBV BMLE-

med 1540 EBV

1280-288 peptide was used as a positive control.

in frequency of hTERT-specific cells was observed in the
majority of MM patients and in all healthy volunteers
(Fig. 1a).

We evaluated whether the hTERT-specific T cells could be
detected by IFN-y ELISPOT analysis. Freshly isolated PBMC
from patient A showed a small secretion of IFN-y towards
1540 peptide, which was about 5% of that seen in response
to the positive control peptide from Epstein—Barr virus
(Fig. 1c). No I540-induced IFN-y secretion could be detected
in patient B. Furthermore, IFN-y ELISPOT analysis con-
firmed the absence of 1540-reactive T cells in the remaining
MM patients and healthy donors tested (data not shown).

In summary, using this sensitive tetramer-based assay no
spontaneous reactivity to hTERT-derived epitope 1540 could
be detected in the majority of MM patients and in healthy
volunteers. There may be rare cases of low-frequency
responses in some MM patients, which are sensitively picked

up by tetramer evaluation after single peptide stimulation.
Alternatively, we occasionally might observe true priming of
naive T cells, as has also been shown during the 10-day
culture period using the HTLV-derived TAX11-19 peptide in
HTLV seronegative individuals (data not shown).

Lack of spontaneous reactivity against CYP1B1 in
MM patients

Because CYP1BI1 is expressed at high levels in multiple
myeloma cells and CYP1B1-specific CTL lines can be gener-
ated from cancer patients we asked whether CYP1BI1-
reactive T cells may be pre-existing in MM patients. Initial
screening using IFN-y ELISPOT analysis suggested no overt
CYPI1BI1-directed reactivity [7]. To increase sensitivity we
applied the tetramer approach in conjunction with a one-
time antigenic stimulation to detect even low-level in vivo
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Fig. 2. Evaluation of T cell responses to CYP1B1-derived epitopes in
HLA-A*0201" multiple myeloma (MM) patients and healthy volunteers.
T cells specific for CYP239 (a) and CYP246 (b) were enumerated by
tetramer staining before and after a 10-day stimulation with peptide,
autologous irradiated peripheral blood mononuclear cells (PBMC) and
cytokines. The percentage of tetramer™ cells per CD8" cells for each
patient is shown. Lines reflect the median value.

reactivity against CYP1B1. We assessed T cells specific for the
previously described HLA-A*0201 restricted epitope
CYP239 [7] and a newly identified HLA-A*0201 epitope
CYP246 [13]. CYP239 tetramer” cells were detected only in
two HLA-A2" MM patients and one healthy individual
(Fig. 2a). Ex vivo expansion revealed CYP239 tetramer” T
cells in three MM patients and two healthy individuals
(Fig. 2a); however, frequencies were just above the level of
detection. Although CTL responses against CYP246 could be
induced by 4-week long-term in vitro expansion [13], we
were unable to detect CYP246 tetramer” cells in MM patients
or healthy individuals at baseline (Fig.2b), and there was
only a slight increase in four MM patients and three healthy
individuals after stimulation. In conclusion, while T cells
reactive to the recently identified epitopes from hTERT and
CYPIBI exist, expansion of these cells in vivo in our cohort
of HLA-A*0201" MM patients and healthy individuals is a
rare event.

T cell responses against hTERT and CYP1B1 in MM patients

Discussion

Broadly expressed tumour antigens identified by compara-
tive expression studies and epitope deduction may serve as
target structures for widely applicable tumour immunother-
apy. However, questions remain about the endogenous T cell
responses against such antigens in cancer patients. Here, we
show in a cohort of 27 patients with MM that T cells specific
for the recently identified epitopes from the tumour antigens
hTERT and CYP1B1 are of low prevalence in the majority of
MM patients. There may be, however, occasional endoge-
nous priming of T cells against the hTERT-derived epitope
1540, as seen in two patients, which is reliably detected by
tetramer analysis after a single ex vivo stimulation. Interest-
ingly, both patients had not received anti-myeloma therapy
prior to analysis, but differed in their stage of disease (stages
I and III, respectively). In contrast, seven of nine untreated
patients did not show T cells reactive with the 1540-tetramer,
precluding a general response against hTERT in untreated
myeloma patients. Although CYP1B1 protein is expressed at
high levels in MM cells, patients with MM do not mount a
significant spontaneous T cell response against the HLA-
A*0201 restricted epitopes CYP239 and CYP246.

We and others have previously addressed the question
whether humoral or cellular immune responses against
hTERT are naturally occurring in cancer patients. While
spontaneous auto-antibodies against hTERT have been
detected in hepatocellular carcinoma and gastric cancer
patients [22], no spontaneous T cell reactivity against
hTERT was observed in cancer patients either directly ex vivo
[7,10] or after one restimulation with tumour lysate-pulsed
dendritic cells [16]. The apparent lack of recognition by the
endogenous immune response is further documented by our
data showing that only in rare cases hTERT-specific T cells
may have been primed in vivo. In contrast, fully functional
hTERT- as well as CYP1Bl-specific T cells could be
expanded from patients with MM by repetitive stimulation
with peptide pulsed on antigen-presenting cells over a 4-
week period [7,10]. Moreover, vaccination with hTERT-
loaded ex vivo generated dendritic cells induced fully func-
tional hTERT-specific T cells in vivo in end-stage cancer
patients [12]. Furthermore, dendritic cells transfected with
hTERT-RNA induced functional T cell responses in patients
with metastatic prostate cancer [23]. These findings might
indicate that hTERT and CYP1B1 are suitable therapeutic
targets particularly as in vivo loss of function of hTERT or
CYPIB1-specific T cells —as observed for other tumour-
antigen specific T cells [24] — may not be as critical. How-
ever, the lack of pre-existing immunity will most certainly
require very efficient vaccination strategies to expand clini-
cally relevant numbers of T cells in vivo.

Our experimental approach is based on epitope-restricted
T cell responses and therefore does not necessarily reflect the
entire T cell reactivity against hTERT and CYP1BI in MM
patients. We cannot rule out that immunodominant cyto-
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toxic T cell responses directed against other HLA-A*0201-
restricted epitopes or epitopes restricted to other HLA alleles
may mask T cell reactivity against 1540, CYP239 and
CYP246. However, with respect to therapeutic targeting this
issue appears less prominent.

An alternative explanation for the lack of an expanded
pool of hTERT and CYP1B1-specific CD8" T cells might be a
generally reduced CD8* T cell response in MM patients. We
have shown recently that MM patients also show a decreased
frequency and reactivity to influenza A and Epstein—Barr
viral antigen stimulation [17]. This was not related to prior
anti-myeloma treatment. Nevertheless, anti-viral memory T
cell responses were present in these patients and could be
expanded at a two- to threefold reduced level. Similar func-
tional deficits may be operative for hTERT- and CYP1B1-
specific T cells.
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